Objective: To test whether isoenergetic isoenergetically-dense doses of dietary 1-monoglyceride or triglyceride differentially in¯uence appetite and meal-to-meal energy intake in man. Design: Six men and six women were each studied twice in a 2 d protocol. On day 1 (maintenance day) they were fed a medium fat (MF) maintenance diet (MF: 40% fat, 47% carbohydrate and 13% protein by energy) calculated at 1.66resting metabolic rate (RMR). On day 2 (manipulation day) at 08.30 h subjects consumed a high-fat breakfast designed to contain 80±85% of RMR, composition 10% protein, 56% fat and 34% carbohydrate by energy, with 65% of energy for fat derived as either 1-monoglyceride or triglyceride. Food and energy intake were monitored at lunch (given at 12.30 pm) and throughout the remainder of the day. During this time subjects had ad libitum access to isoenergetic, isoenergetically dense MF (40 : 47 : 13) foods (550 kJ/100 g), until 22.30 pm). Subjective hunger and satiety were tracked hourly, during waking hours. Results: There was no signi®cant effect of fat type on food or energy intake at lunch or during the ad libitum period. There was no diet effect on subjective hunger (F(1, 10) 0.00; P 0.975) in the inter-meal periods of morning or afternoon, nor during the whole day. Subjects found both diets to be similarly pleasant (F(1, 61) 0.84; P 0.364). Men and women responded similarly, except that men ate more on all occasions than women. Conclusions: This study suggests that when a large dose of 1-monoglyceride or triglyceride is incorporated into a breakfast meal, it behaves in a manner that is very similar to triglyceride in terms of the effects on hunger, appetite or feeding behaviour. Sponsorship: This work was supported by the Scottish Of®ce Agriculture, Environment and Fisheries Department.
Introduction
A number of studies have suggested that ingestion of highfat energy-dense diets elevates energy intakes under ecological conditions (DeCastro, 1987) and in the laboratory (Lissner et al, 1987; Thomas et al, 1992) .
It appears that increasing fat intake promotes excess energy intakes through its contribution to dietary energy density and contribution to the palatability of the diet (Blundell et al, 1995) . Once ingested, dietary fat appears to exert poor metabolic feedback onto subsequent intake, which tends to preclude any great degree of caloric compensation. Storlien (1990) noted that not all fats may promote obesity to the same degree. Fat structure varies in terms of (i) chain length, (ii) degree of saturation and (iii) degree of esteri®cation of the glycerol backbone. There is evidence that the chain length of fatty acids in triglyceride may affect appetite and energy balance. At high doses medium-chain triglycerides (MCTs) have been shown to suppress energy intake in rodents (Furuse et al, 1992) and humans . There is also evidence that shorter chain fat derivatives may be more satiating than long chain fatty acids and their triglycerides (Carpenter & Grossman, 1982; Rich et al, 1988) . These ®ndings suggest that under some circumstances at least fatty acid chain length may exert some differential effects on appetite, feeding behaviour and energy balance.
The effects of the degree of saturation of dietary fat on appetite and overall energy balance are presently unclear. A recent short-term study by Blundell's group (Lawton et al, 1997) has indicated that lunch-time meals enriched in monounsaturates suppressed energy intake to a greater extent than meals of a similar energy content, rich in polyunsaturates and saturates, respectively. These data indicate, albeit far from conclusively, that types of fat which are most readily absorbed and metabolised (for example, MCT relative to LCT, or polyunsaturates relative to saturates), may help limit the excess energy intake and weight gain that are commonly seen when subjects feed ad libitum on high-fat diets.
At the present time there is little, if any data on whether the degree of esteri®cation of dietary fat affects human appetite and energy intake. This study was conducted to examine the effect of isoenergetic, isoenergetically dense breakfasts enriched in monoglyceride versus triglyceride on subjective motivation to eat (tracked hourly) and ad libitum energy intake, throughout the remainder of the day.
Materials and methods

Subject recruitment and characteristics
Healthy, non-smoking, lean (BMI 20±25) men (n 6) and women (n 6) were recruited by advertisement. The men's average weight (s.d.) was 75.1 (6.2) kg, height 1.86 (0.05) m and age 25.8 (5.5) y; The women's mean weight (s.d.) was 64.3 (6.6); height 1.67 (0.05) m and age 30.5 (13.6) y. Standing height was measured to the nearest 0.5 cm using a portable stadiometer (Holtain Limited, Crymych, Dyfed, Wales). Subjects were measured barefoot with their feet together and with their head positioned in the Frankfurt plane. Weight was measured to the nearest 0.01 kg on a digital platform scale (DIGI DS-410, CMS Weighing Equipment London). All subjects completed the Dutch Eating Behaviour Questionnaire (DEBQ: van Strien et al, 1986) to assess in¯uence of restraint, emotionality and externality on feeding behaviour.
Ethical approval
The study was approved by the Joint Ethical Committee of Grampian Health Board and the University of Aberdeen.
Resting metabolic rate (RMR) RMR was measured by indirect calorimetry over 30±40 min using a ventilated hood system (Deltatrac II, MBM-200, Datex Instrumentarium Corporation Helenski, Finland) on subjects who were fasted overnight. RMR was calculated using the equations of Elia & Livesey (1988) . Individual energy requirements were calculated as 1.66RMR.
Study design
Each subject was studied on two separate occasions in a 2 d protocol, with at least one week in between each dietary treatment. On day 1, subjects were fed a medium fat (MF: 40% fat, 47% carbohydrate and 13% protein by energy) ®xed, maintenance diet estimated at 1.66RMR, served as three isoenergetic meals. On day 2 (manipulation day) subjects were resident in the Human Nutrition Unit (HNU). At 08.30 h subjects were given either a monoglyceride-rich or triglyceride-rich breakfast designed to contain 80±85% of RMR, (45% of estimated energy requirements at 1.66RMR), composition: 10% protein, 56% fat and 34% carbohydrate by energy, with 65% of fat-energy derived as either triglyceride or monoglyceride [Dimodan PV, Danisco Ingredients (UK) Ltd., Suffolk]. Dimodan is a 1 position monoester, made from edible vegetable oil, which has a high polyunsaturate content. For this reason the corresponding LCT was derived largely from vegetable oil sources. Mean breakfast food, energy and nutrient intakes for men and women are given in Table  1 . Recipes for the breakfast meal are given in Appendix 1. Food and energy intake was monitored at a test meal, given at 12.30 h and throughout the remainder of the day until 22.30 h. During this time subjects had ad libitum access to isoenergetic, isoenergetically dense MF (40 : 47 : 13) foods (550 kJ/100 g). When feeding on this diet subjects could alter the amount but not the composition (after lunchtime) of foods ingested. The menu and composition of each food are given in Appendix 2 and 3, respectively.
Visual analogue scales were completed on the hour, between 07.00 ±22.00 h, throughout each study day to assess changes in subjective appetite, hunger and satiety, and completed pleasantness and satisfaction ratings 15 min after each meal as described by Hill & Blundell (1982) . The speci®c questions asked were:`How hungry do you feel?' (not at all hungry/as hungry as I have ever felt);`How full do you feel?' (not at all full/as full as I have ever felt); How strong is your desire to eat?' (very weak/very strong); How much do you think you could eat now?' (nothing at all/a large amount);`Urge to eat' (no urge to eat/strong, want to eat now, waiting is very uncomfortable).`Preoccupation with thoughts of food' (no thoughts of food/very preoccupied, dif®cult to concentrate on other things).
Subjects completed subjective hunger, appetite and pleasantness ratings 15 min after each meal as described by Hill & Blundell (1982) .`How have you found the food?' (very pleasant/very unpleasant);`How satisfying have you found the food?' (very satisfying/not at all satisfying).
The volunteers were requested not to undertake strenuous physical activity during the 2 d study.
Formulation and preparation of the diets
The composition of each dish in terms of energy, fat, carbohydrate, protein and non-starch polysaccharide were initially calculated from McCance & Widdowson's The Composition of Foods, 5th Edition and supplements (Holland et al, 1991) . The day 2 manipulated breakfast meals were formulated to be of a very similar energy content and density (Table 1 ). The ad libitum diet was speci®cally formulated so that every item on the menu comprised 47% fat, 40% carbohydrate and 13% protein as a proportion of energy and contained 550 kJ/100 g (range 460±570 kJ/ 100 g) wet weight of food (Appendix 3). These diets and their formulation have been described in detail elsewhere (Johnstone et al, 1996) .
Presentation of the diets and measurement of food intake During day 1 (maintenance day), food was packed in cool bags and delivered to volunteers. On day 2 subjects consumed their ®xed food intake in the HNU dining room. They could then choose food items from the ad libitum menu at the test meal and throughout the rest of the day, which would be made up in the metabolic kitchen. Food was presented to the subjects in the following amounts: main courses 1200 g; sweets 300 g; milkshakes 300 g and hot drinks 350 g. Extra portions were readily available on request. Subjects could alter the amount and time of consumption (after lunch time). When a subject requested food, the weight was recorded by the researcher before and 
Statistical analysis
The visual analogue ratings (VAR) were recorded by the traditional pen and paper method and analysed using analysis of variance (ANOVA) by calculating a mean rating for each 24 h period with diet and sex as a factor and subject as a blocking factor. Under conditions where data were not normally distributed a square root transformation was used for the analysis. Real mean values were used for reporting appetite plus hunger ratings. Additionally day 2 was only analysed by splitting the day into two inter-meal periods and for each subject on each diet, calculating a mean rating for each period. The two periods were, post-breakfast 09.00±12.00 h inclusive, post-lunch 14.00±18.00 h inclusive. Subjectively rated pleasantness and satisfaction was analysed by ANOVA with diet and meal as factors and subject as a blocking factor. Day 2 lunch and ad libitum intake were analysed by ANOVA, with diet and sex as factors and subject a blocking factor. All analysis was performed using the GENSTAT 5 statistical program (Genstat 5 Rothampstead Experimental Station, Harpenden, UK).
Results
Dietary restraint, emotionality and externality
The women were more restrained, emotional and in¯u-enced by externality in eating than the men as measured by the DEBQ (van Strien et al, 1986) . Mean scores (s.d.) were 2.32 (0.48), 2.47 (0.54), 3.18 (0.49) in women; 1.98 (0.66), 1.88 (0.59), 2.88 (0.52) in men for restraint, emotionality and externality respectively.
Subjective hunger, fullness and appetite Figure 1 gives the mean hourly values for subjective hunger rated by the six men and six women on the two dietary treatments throughout day 2 of the study. There was no signi®cant diet effect throughout this day. Mean daily values were, 21 and 21 mm (SED 3) and 16 and 16 mm (SED 3) for the men and women on the monoglyceride and triglyceride diets respectively (F(1, 10) 0.00; P 0.975). Neither was there any signi®cant difference in the two inter-meal periods. Mean values were, post-breakfast: (09.00±12.00) men, 18 and 17 mm (SED 6); women, 12 and 16 mm (SED 9) on the monoglyceride and triglyceride diets, respectively; Post-lunch (14.00±18.00) values were men, 23 and 25 mm (SED 9); women, 21 and 16 mm (SED 9) on the monoglyceride and triglyceride diets, respectively. There were no sex effects (F(1, 10) 0.44; P 0.52) diet-sex interactions (F(1, 10) 0.04; P 0.853), diet-time (F(1.10) 0.49; P 0.943 or diet-sex-time interactions (F(1, 10) 2.41; P 0.936). These no signi®cant main effects and interactions were also apparent for all other appetite ratings and will not be discussed further.
Subjectively rated fullness exhibited a near reciprocal non-signi®cant pattern to hunger. In reality, fullness tends to be related to hunger as follows: Fullness 100 7 hunger. The average 24 h values were 57 and 65 mm (SED 4) (F(1, 10) 2.41; P 0.152) for the monoglyceride and triglyceride diets, respectively. The same non-signi®cant patterns for hunger were apparent for all other appetite variables. Over the 24 h subjectively rated`desire to eat' (meaned across sexes) was 23 and 24 mm (SED 2) (F(1, 10) 0.02; P 0.897) for the monoglyceride and triglyceride diets, respectively. There was no signi®cant difference iǹ urge to eat' between diets (F(1, 100 0.11; P 0.749) giving mean values of 21 and 23 (SED 1) respectively. There was no signi®cant difference in`prospective consumption' between treatments (F(1, 10) of 0.13; P 0.724) giving mean values of 25 and 28 (SED 2), respectively. Thoughts of food' did not differ between treatments of (F(1, 10) 0.22; P 0.642). The mean values were 21 and 21 (SED 2) for each treatment respectively.
Average subjectively rated pleasantness was 71 and 69 mm (SED 6) for the monoglyceride and triglyceride diets respectively (F(1, 61) 0.84; P 0.364). There was a signi®cant day effect with subjects on average rating the maintenance day higher than the test day with 87 and 70 mm (SED 3) respectively (F(1, 61) 28.18; P`0.001). This was accounted for by a meal effect on day 2, with subjects rating breakfast on day 1 at 86 mm and on the test day 48 mm (SED 3). There were no sex differences in the perceived pleasantness of the foods, during days 1 and 2.
Ratings for satisfaction during day 2 were similar at 86 and 83 mm (SED 4) for the monoglyceride and triglyceride diets respectively (F(1, 61) 0.04; P 0.852). The breakfast meals were less satisfying than the ad libitum meals (F(2, 61) 6.54; P 0.003), 74 vs 90 mm, (SED 5), indicating their unfamiliar consumption at breakfast time. On day 2 females found all meals to be more satisfying than the males (F(1, 61) 4.20; P 0.045), 94 vs 76 mm (SED 3.52) on the monoglyceride and triglyceride diets respectively. Table 2 gives the average lunch, ad libitum and lunch plus ad libitum food, energy and nutrient intake for the men and Figure 1 Mean subjectively rated hunger on the monoglyceride and triglyceride diets throughout day 2. ANOVA showed that there were no diet effects or diet time interactions at the 5% level of signi®cance.
Energy and macronutrient intakes
Breakfasts high in monoglyceride or triglyceride AM Johnstone et al women on each of the two dietary treatments, together with the F ratios, SEDs and probabilities for the main effects.
There was no signi®cant effect of fat type on ad libitum lunch energy intakes on this day with 8.85 and 8.31 MJ consumed by men and 3.99 and 3.56 MJ consumed by the women on the monoglyceride and triglyceride diets, respectively. Neither was there any signi®cant effect on energy intake further on in the day with ad libitum intakes of 9.08 and 11.05 MJ consumed by men and 4.15 and 4.46 MJ consumed by women. Because the composition of the diet was constant on this day, the intakes of the carbohydrate, fat or protein exhibited a similar trend. Men ate signi®cantly more than women (F(1, 10) 36.60; P`0.001) on both treatments. Total ad libitum energy intakes were around 18 and 8 MJ during the ad libitum feeding period for the men and women, respectively. Since the RMR (MJ) of men and women were 7.54 and 5.92, respectively, men ate 2.46RMR (3.186RMR inclusive of mandatory breakfasts), while the women ate 1.356RMR (2.036RMR).
Discussion
The effect of the composition of the overfed diets on subjective hunger, fullness and appetite The results of this study showed that ingestion of (on average) 3.45 MJ (included in a 5 MJ breakfast: men 6 MJ; women 4 MJ) of monoglyceride did not signi®-cantly in¯uence hunger, fullness or other indices of motivation to eat, during either intermeal interval or over the course of the whole day. The dose of monoglyceride administered to these subjects was many times in excess of that contained in normal foods which would contain normally, no more than 2±3% of daily energy intake. The patterns of hunger and other indices of motivation to eat were very similar subsequent to the ingestion of the monoglyceride and triglyceride-rich breakfasts. This suggests that the different kinds of fat did not differentially affect motivation to eat. We have previously shown that under experimental conditions such as these, changes in subjective hunger are sensitive to differences in the energy content of diets (Stubbs et al, 1997) , to the macronutrient composition of isoenergetically-dense diets (Johnstone et al, 1996) . Furthermore, differences due to time-course effects were detectable in the study, with hunger rising and falling in accordance with meal times. Presumably the excess energy ingested as either monoglyceride or triglyceride was able to be assimilated without producing strong physiological changes that are associated with satiety. In other words, overfeeding fats of differing degree of esteri®cation did not invoke a physiological response that was as readily detected through sensory experience and expressed as motivation to eat. Decrements in fat and carbohydrate intake appear to be more readily detected than do increments (Caputo & Mattes, 1992; Heavey et al, 1995) . Since a large dose of 1-monoglyceride had no detectable effect on subjective hunger, fullness or appetite relative to the triglyceride, it is reasonable to conclude that large doses of dietary monoglyceride given throughout one day do not exert monoglyceride-speci®c differences on subjective motivation to eat.
The effect of breakfast composition on energy and nutrient intake The incorporation of 3.45 MJ as either monoglyceride or triglyceride into a breakfast meal had no differential effect on subjects' food and hence energy intake either at the subsequent meal or throughout the remainder of the day. We have previously shown that subjects in this experimental system, using foods of a constant measurable composition is sensitive, in that subjects have been found to signi®cantly alter food (and hence energy intake) in relation to parenteral infusions of lipids (Casey et al, 1998) , alterations in the energy density of mixed diets (unpublished) and the MCT composition of high fat diets . However, the use of an ad libitum diet of a constant measurable composition, whereby subjects can alter the amount but not the composition of the foods they eat, is relatively insensitive, in that signi®cant changes in food intake only appear to be induced by experimental manipulations that produce a large detectable physiological change (for example, a 4.2 MJ/d parenteral infusion of lipid or high levels of MCT in high-fat diets). Indeed, under these conditions changes in subjective motivation to eat appear to be more sensitive responses to an experimental manipulation than actual changes in food intake (Johnstone et al, 1996) . Taking the results of subjective motivation to eat and food intake together it can reasonably be concluded from these data that the monoglyceride-rich breakfast did not produce a large enough physiological effect, relative to the triglyceride-rich breakfast, to detectably affect feeding motivation or food intake. In this respect it appears that orally ingested monoglyceride exerted effects very similar to triglyceride. Thus while the degree of saturation (Lawton et al, 1997) and chain length of orally-ingested dietary fat can have signi®cant affects on appetite and energy intake, the present data suggest that orally ingested 1-monoglyceride did not differentially in¯uence appetite and energy intake relative to triglyceride.
The type of fat used in this study (Dimodan-PV Distilled monoglyceride) is mainly a 1-monoester. In terms of chemical structure, the fatty acid is mainly found on the 1-position of the glycerol backbone. Positions 1 and 3 are hypothesised to be least readily absorbed, in comparison to position 2 which is more readily absorbed (Bistrian, 1997) . It is possible therefore that 2-monoglyceride might exert Breakfasts high in monoglyceride or triglyceride AM Johnstone et al more potent effects on feeding than either the 1 or 3 monoglyceride. We could not ®nd a source of 2-monoglyceride that could be incorporated into these foods although it would be interesting to examine the effects of 2-monoglyceride on appetite and energy intake. The results of the present study are consistent with those of Rayner et al (1992) in pigs, who found similar effects between gastric infusions of monoglyceride and triglyceride in pigs. These studies also used the 1-monoester (Rayner, personal communication). Gregory et al (1989) noted that when emulsi®ed fats were infused parenterally in rats by Walls & Koopmans (1992) , energy intake was only inhibited by 40% of the infused energy as fat. Rayner (1992) found that emulsi®ed fat infused into the pig duodenum is more effective than non-emulsi®ed fat at suppressing oral intake. Under these conditions non-emulsi®ed fat infusions suppressed oral intake by approximately the equivalent of the energy infused, while emulsi®ed fat produced greater than caloric compensation. Infusion of similar amounts of emulsi®ed fat into the stomach of pigs led to caloric compensation equivalent to the energy infused. These observations have led Rayner to suggest that the potent intake-suppressing effects of emulsi®ed fat into the duodenum probably occurred due to its rapid digestion to monoglyceride. Presumably monoglyceride exerted its effects either on the wall of the intestine and/or during their absorption, assimilation and metabolism. Gregory et al (1989) have experimentally examined the relationship between duodenal infusion of fat, CCK secretion and feeding in the pig and concluded that`monoglycerideinduced CCK secretion is mainly responsible for the satiety to duodenal fat in the pig, but that there is also a CCKindependent effect via the fatty acid'. It is probable that infusion of monoglyceride into the duodenum of humans might produce effects similar to those found in pigs, although the results of gastric infusions might be more relevant to normal enteral feeding. In this present study men and women ate an amount of energy that considerably exceeded their free-living energy requirements, during the ad libitum period, in addition to the mandatory breakfast intakes of around 6 MJ (men) and 4 MJ (women). The energy density of the breakfasts was on average 946 kJ/100 g, which is nearly twice the energy density of the ad libitum foods. The ingestion of high-fat energy dense breakfasts appears to have had little intakerestraining effects later in the day, relative to expected energy requirements. Subjects' energy intake, excluding the breakfasts were within around 10% of expected energy requirements, taking into account the fact that the men were all young and physically active. Again, the extent to which the breakfast intakes failed to produce any compensation could not be determined in this study which was concerned with detecting differentials between fat types because there was no zero breakfast control. Therefore a large load of fat given early in the day, facilitated excess energy intakes over the whole day. This is a ®nding in other studies (Cotton et al, 1994; Hulshof et al, 1994) .
Sex differences in response to the breakfast treatments There were no marked sex differences in response to the dietary treatments in that neither sex showed differential responses in terms of changes in subjective motivation to eat and in food intake, in response to the mandatory breakfast intakes. However, the men voluntarily ate signi®cantly more food and energy than the women (18 MJ vs 8 MJ), and ate considerably more as a multiple of RMR. However, anecdotally the men were all physically active, while the women were sedentary. In addition the men found the diets to be less satisfying than the women, suggesting that they were accustomed to greater intakes than the women. The fact that the men were more physically active and women more restrained eaters probably account for the large differences in absolute (and relative) intake.
Limitations of the present results As in most studies of feeding behaviour, there were limitations to the design of this experiment. it is improvement to indicate where the design (and hence conclusions arising from it) are subject to the following constraints: (i) The covert manipulation of such a large dose of fat is practically dif®cult to achieve. Because of the physical properties of the 1-monoglyceride, Dimodan, it was dif®-cult to produce foods that contained the large differences in absolute and relative intake required for the breakfast manipulation. However, the fat was incorporated into an ice-cream meal. This is clearly an unfamiliar food for subjects to eat at breakfast time; (ii) It should be remembered that the subject response in terms of food intake could only vary quantitative. Selection of different foods which vary in composition and/or energy density, was precluded; (iii) Compensatory feeding responses to dietary manipulations are likely to have a large learned component. Studies of the nature and duration as that described in this paper do not allow the connection between unconditioned stimuli and the conditioning process to be reinforced; (iv) The times at which women were studied were not standardised with reference to the menstrual cycle. It is controversial whether the phase of the menstrual cycle exerts a directional effect on energy intakes; and (v) It is possible that the time-window of this investigation was too short to detect signi®cant differences between monoglyceride and triglyceride. This is a constraint of short-term studies such as this. We have therefore also examined the day-to-day effects of monoglyceride on appetite and energy intake in humans in a separate publication.
Conclusions
This study has demonstrated that overfeeding large isoenergetic breakfasts rich in dietary monoglyceride or triglyceride over the course of one day did not exert differential effects on subjective motivation to eat or feeding behaviour throughout the remainder of the day. While there is evidence from other studies that chain length and degree of saturation of dietary fat may affect appetite and feeding behaviour, the present study suggests that orally ingested 1-monoglyceride behaves similar to triglyceride in its effects on short-term appetite and EI. 
